(19) 



J 



Europiisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(45) Date of publication and mention 
of the grant of the patent: 
20.06.2001 Bulletin 2001^5 

(21) Application number 06119190.5 

(22) Date of filing: 29;11.1996 



(11) EP 0 780 704 B1 

EUROPEAN PATENT SPECIFICATION 

(51) Intel 7: G01V3/10 



(54) Plural frequency method and system for identifying metal objects in a baclcground environment 

Vielfachfrequenzverfahren and -anordnung zur Identifizierung von metallischen Objekten in einer 
Hintergrundumgebung 

Precede et dispositif a plusieurs frequences pour {'identification des objets metalliques dans un 
arriere-plan 



m 

o 
1^ 

o 

00 

o 

CL 
LU 



(84) Designated Contracting States: 
DE ES FR GB 

(30) Priority: 21.12.1995 US 576009 

(43) Date of publication of application: 
25.06.1997 Bulletin 1997/26 

(73) Proprietor WHITE'S ELECTRONICS, INC. 
Sweet Home, Oregon 97386 (US) 



(72) Inventor: Shoemaker, Donald K. 
Sweet Home, Oregon 97386 (US) 

(74) Representative: Meddle, Alan Leonard 
FORRESTER & BOEHMERT 
Franz-Joseph-Strasse 38 
80801 Munchen (DE) 



(56) References cited: 
EP-A- 0 091 034 
JP-A- 59 060 274 
US-A-3 986 104 



WO-A-87/04801 
US-A- 3 686 564 
US-A-4 128 803 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed In 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1 ) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



EP 0 780 704 B1 

Description 

FIELD OF THE INVENTION 

5 [0001 ] the invention generally relates to metal detectors and, more specifically, relates to a plural frequency method 
and system for Identifying metal objects located in a background environment such as mineralized ground. 

BACKGROUND OF THE INVENTION 

10 [0002] Metal detectors are commonly used to locate metal objects or "targets" buried In the ground or some other 
background environment. In general, metal detectors sense nrietal targets by detecting disturbances In an electromag- 
netic field. There are a number of ways to detect these disturbances, but typically, they are sensed by observing signals 
in a search coll assembly. In this context, it Is important that the metal detector distinguish between signals induced 
by the target and the background environment. 

15 [0003] In practice, extracting meaningful data to identify a target in the presence of a background environment is a 
difficult problem. Metal targets exhibit behavior that is hard to classify because it varies with the shape and composition 
of the target as well as the distance and orientation relative to the detector. In addition, the behavior of the background 
environment changes due to changeis in its composition. For example, ground can have a varying degree of iron 
content, which has ferromagnetic properties. The ground can also include slightly conductive materials as well. As- 

20 sumptions about the signals induced by the background environment can simplify the design of the metal detector, but 
often lead to inaccuracies in detecting and evaluating a target. 

[0004] A transmit/receive, Induction balanced metal detector is one type of detector commonly used to locate nrietal 
objects in the ground. The detector is referred to as "induction balanced" because it employs an induction balanced 
search loop to sense targets. In this tyfbe of detector, the search loop (also known as the "search head") includes a 

25 transmit and receive coll. The two coils are designed such that the mutual inductance between them is balanced or 
"nulled." When a signal is applied to the transmit coil in the presence of a metal object a response signal Is Induced in 
the receive coil. Both the metal object and the background material that surrounds it can contribute to the response 
signal, so the signal must be processed to reduce the portion of the signal induced by the background material. 
[0005] When the search loop transmits and receiyes a signal at a single frequency, It is particularly difficult to extract 

30 meaningful information from^he response signal that Is useful in evaluating a metal target. "Single frequency" metal 
detectors transmit and receive a signal at a single frequency, and then measure the phase angle and magnitude of the 
received signal. These "single frequency" detectors typically measure the response signal with two phase detectors 
in quadrature, and then compute a resistive to reactive ratio from the outputs of the phase detectors. The user can 
then attempt to identify a target buried In the ground by its resistive to reactive ratio. 

35 [0006] It is diffrcult to identify targets in the background environment in a single frequency detector. As the user 
sweeps a the search loop over the ground, the motion produces changes in the received signal. Since the frequency 
of these changes is different for the ground than for a metal target, filters are typically used to reduce the portion of 
the response signal due to the ground. When filters are used, however, the user has to move the search head skillfully 
to identify targets in the ground. The performance of the metal detector varies with sweep speed, making It diffteult to 

40 obtain a resistive to reactive ratio that is useful in discriminating among different types of targets. 

[0007] Identifying a target is especially difficult where the ground produces a strong response or changes often. 
Moreover, targets deeper in the ground are rnore difficult to detect, even for more experienced users. 
[0008] Another problem with using filters is that distortion can occur when a number of metal objects are near the 
sweep path of the detector Filters tend to store energy due to a target for a delayed period because of a phenomena 

45 known as group delay. As the user sweeps the search head, the filter can retain energy from a first target while the 
search head Is actually located over another. Because of this effect, the user can miss valuable targets and waste time 
digging in the wrong place. 

[0009] The resistive to reactive ratio computed in the single frequency metal detectors described above can assist 
a user in discriminating among targets. To accomplish target discrimination effectively however, the user must move 
so the search loop very skillfully over the ground. Even assuming the user can move the search head skillfully, target 
discrimination is difficult because many targets have similar resistive to reactive ratios. 

[001 0] One approach for improving on the single frequency method is to use ground exclusion balancing. The ground 
response can be substantially removed by adjusting a phase axis of the detector to be in quadrature with the ground 
response. The ground balanced phase detector axis can be derived by summing the two quadrature outputs. Ground 
55 balancing is limited in that It only removes the ground component from the phase detector axis in quadrature with the 
ground response. The other phase detection axis stijl includes a ground component. Ground exclusion balancing, 
however, can be used to improve a single frequency detector by using rt to trigger the measurement of a resistive to 
reactive ratio. For example, ground exclusion balancing circuitry can be used to gate on circuitry used to measure a 
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resistive to reactive ratio when a target is present. As a result, the resistive to reactive ratio need only be computed 
when a target is near the search head. This approach can improve a single frequency metal detector, but the problems 
of target identification still remain. 

[001 1 ] As an alternative approach, some metal detectors transmit and receive signals at two frequencies and process 
5 the received signals to detect metal objects in a background environment. For example, Intemational Publication No. 
WO 87/04801 describes an apparatus for detecting remote metal target objects In soil by transmitting at least two 
substantially sinusoidal signals of different frequencies. The sinusoidal signals are received by a receiver coil that 
passes the different signals to two separate synchronous demodulators. The outputs of the demodulators are passed 
through low-pass filters and then a subtracter to produce an output signal. These types of detectors, to the extent 
10 known to the inventor, have a variety of limitations. First, some of these detectors process signals at different f requen> « 
cies for the sole purpose of distinguishing metal objects from the background environment. These detectors fail to 
provide target specific data to identify an unknown target. 

[0012] Second, some of these detectors make improper assumptions about response signals due to the background 
material. The most common assumption is that the background response does not change with frequency. In many 
15 environments, this assumption is not valid. Therefore, detectors based on this assumption produce erroneous results 
in background environments where the background induced signal changes with frequency. 

SUMMARY OF THE INVENTION 

20 [0013] The invention provides a method and system for identifying metal targets located in a background environ- 
ment. A metal detector designed according to the invention transmits signals into the ground or other background 
environment at two or more different frequencies. The detector then measures signals induced in a receive coil at two 
different phases. To remove signal components due to the background, the detector subtracts components measured 
at two different frequencies. The detector processes the resulting background excluded components to evaluate the 

25 type of target. 

[001 4] There are a number of different ways to produce background excluded components according to the Invention. 
These background excluded components can be generated whether or not the background response changes with 
frequency. When the background response does change with frequency, the signal components measured by the 
detector can be processed to compensate for changes in the background response. For example in one embodiment, 
30 a metal detector adjusts the components measured from the signals at different frequencies to compensate for any 
change in the background response. The background response can then be removed by subtracting the adjusted 
components. 

[0015] In another embodiment, the phases at which the received signal is measured can be adjusted for each fre- 
quency such that the background response is substantially zero at one phase. The magnitude of the component in 

35 phase with the background response can then be adjusted to compensate for any change in the background response. 
[001 6] There are number of different ways to evaluate the target type using the background excluded components. 
By removing the background response through subtraction, the detector can evaluate the material type of the target 
without requiring any motion of the detector. In one embodiment, a metal detector evaluates an unknown target by 
comparing data extracted from background excluded components for an unknown target to stored target data for known 

40 targets. The stored target data can be adjusted for different types of background environments and then compared 
with background excluded data for an unknown target. The target type can be evaluated by detennining whether the 
background excluded data is within preset tolerances of the stored target data. 

[0017] In another embodiment, a target model can be used to evaluate an unknown target. One particular target 
model includes the DC resistance to inductance ratio and a skin constant. In one embodiment, the DC resistance to 

45 inductance ratio and a skin constant can be computed from the background excluded components. The resulting data 
can then be used to identify an unknown target. This invention includes other target evaluation types. 
[0018] When designed with one or more of the features outlined above, a metal detector can have a number of 
advantages over present systems. As noted above, unknown targets can be discriminated from ground without requiring 
motion of the detector. This enables a user to detect more accurately targets located deeper In the ground and in the 

50 midst of trash. 

[0019] In addition, a metal detector can more accurately eliminate a background response, even if the background 
response changes with frequency. 

[0020] The Invention supports a number of target evaluation techniques. One example is processing the background 
excluded components to find a DC resistance to inductance ratio and a skin constant. The identity of an unknown target 
55 can be identified more specifically using this information. For Instance, the skin constant provides infonnation about 
the size and shape of the target, while the DC resistance to inductance ratio provides infomiatksn about the target type. 
[0021] Further advantages and features will become apparent with reference to the following detailed description 
and accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Fig. 1 is a functional block diagram illustrating an embodinnent of the Invention in a nnetal detector. 
[0023] Fig. 2 is a block diagram illustrating the metal detector of Fig. 1 In more detail. 
5 [0024] Fig. 3A-D is a schematic diagram illustrating a specific embodiment of the metal detector of Fig. 2. 

[0025] Fig. 4 is a block diagram illustrating the ground subtraction subsystem in an embodiment of the invention. 
[0026] Fig. 5 is a block diagram illustrating the target evaluation subsystem in an embodiment of the invention. 
[0027] Fig. 6 is a plot of background excluded components for two different targets. 

[0028] Fig. 7 is a block diagram illustrating an alternative embodiment of the invention that includes filters to remove 
10 the background response. 

[0029] Fig. 8 is a diagram depicting a differential loop configuration. 

[0030] Fig. 9 is a flow diagram illustrating a method for computing R^j^/L and a skin constant K for an unknown target 
in an embodiment of the invention. 

15 DETAILED DESCRIPTION 

[0031] Fig. 1 is a functional block diagram illustrating an embodiment of the invention In a metal detector. The metal 
detector illustrated In Fig. 1 includes a controller 20, a signal driver 22, transmit and receive coils 24, 26, phase detectors 
28, a signal processor 30, and input and output devices 32, 34. 
20 [0032] The Input device 32 enables the user to control the metal detector. For instance, the user can use the input 
device to adjust the detector for different ground environments. As another example, a user can select operating modes 
through the input device, such as modes for ground balancing or adjusting the phase detectors to cancel or record 
offsets, modes to input target data used in comparing with unknown targets, and search modes for detecting and 
identifying unknown targets. 

25 [0033] During the process of searching for metal targets, the controller 20 provides control signals to the signal driver 
22 and the signal processor 28. The controller 20 causes the signal driver 22 to apply sinusoidal signals at two or more 
frequencies to the transmit coil 24. The signal driver can be implemented to apply these periodic drive signals in parallel 
or in series to the transmit coil. If implemented in parallel, typically a separate channel would be provided forprocessing 
received signals corresponding to the various frequencies of the transmitted signals. Also, each of these channels 

30 would typically include separate X and Y phase detectors for processing the received signals in the manner described 
below for a series Implementation. Any mutual inductance between the transmit and receive coils are nulled so that 
signals Induced In the receive coil are attributable to the background material and any metal target(s) located in it. 
[0034] The signals induced in the receive coil 26 are applied to the phase detectors 28. The phase detectors measure 
the signal in the receive coil at two different phases. Because the signal driver 22 drives the transmit coil at two or 

35 more frequencies, the phase detectors are designed to measure the received signals at frequencies corresponding to 
the drive signal frequencies. 

[0035] The signal processor 30 receives output signal components from the phase detectors 28 and processes these 
components to perfomn background subtraction and target evaluation. Background subtraction refers generally to the 
process of subtracting signal components measured at different frequencies to remove a component of the received 

40 signal induced by the background material. The result of background subtraction In the illustrated embodiment are 
background excluded components of the received signal. These background excluded components can be usied in 
target evaluation. Target evaluation refers generally to processing the background excluded components to evaluate 
an unknown target After processing the background excluded components, the signal processor 30 transfers the 
results of its target evaluation to an output devtoe 34. 

45 [0036] The output device conveys the results of the target evaluation to the user. Preferably, the output device in- 
cludes a display device for presenting alpha-numeric and graphical data to the user. The output device can also include 
an audio speaker which can indicate to the user when metal targets are in proximity to the search loop. 
[0037] Fig. 2 is a block diagram illustrating an embodiment of the metal detector of Fig. 1 in more detail. The control 
logic 40 Issues control signals 42 and 60 to actuate switches in the transmit drive block 44. The switches control the 

50 issuance of sinusoidal drive signals 60 at different frequencies to the transmit coil 52. In this particular embodiment, 
the transmit drive block 44 provides periodic signals at four different frequencies. The number of signals issued at 
different frequencies can vary, but the drive signals should preferably include signals at two or more different frequen- 
cies. 

[0038] The transmit drive block 44 provides a multiplexed, 4 frequency signal 50 in response to control signals from 
55 the control logic 40. The transmit drive block provides each of the four frequencies for a time sufficient to allow the 
sample and hold blocks 80, 82 to capture the phase detector outputs 76, 78. For each of the four frequencies, the 
transmit drive block provides a signal for sufficient time to capture output from the two phase detectors in the sample 
and hold blocks. The transmit drive block then switches to the next frequency. 
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[0039] The control logic 40 also supplies control signals 46 to a capacitor bank 48. The capacitor bank 48 includes 
a bank of capacitors used to tune the coils, as well as switches to switch among the different capacitors. The capacitor 
bank 48 is coupled to the transmit coil 52 so that it can tune the coil for the appropriate frequency. To reduce power 
consumption, the transmit 52 is tuned to resonate at frequencies corresponding to the drive signals applied to the 
5 transmit coil. It is not necessary to tune the coils in this manner; however, tuning the coils makes them more sensitive 
and reduces the required drive cun^ent. 

[0040] Specifk: exemplary frequencies at which the transmit coil is driven are: 33.21 kHz, 11.07027 kHz, 3.69009 
kHz, and 1230.03 Hz. However, any of a number of different frequencies can be used. Preferably the frequencies 
should range from around 400 Hz up to about 100 kHz. 
10 [0041] Higher transmit current and lower receive gain can be used to alleviate noise. Increased field strength will 
cause a larger return from targets buried in the ground and make it possible to reduce the receive gain. It is this gain 
reduction that makes the instrument less sensitive to external noise. Once the field strength is increased, receive coil 
turns or pre-amp gain can be reduced In order to reduce noise. 

[0042] Signals 56 induced in the receive coil 64 are transferred to the switched pre-amp 58, The switched pre-amp 
15 58 includes band-pass filters, and control switches corresponding to the signals driven on to the transmit coil. Band- 
pass filters are used to capture the received signal for the frequency of the current drive signal on the transmit coil. 
The control logic 40 controls the operation of the switehed pre-amp 58 by issuing control signals 60 to switches within 
the switched pre-amp. 

[0043] The switched pre-amp provides a signal 62 representing the induced signal in the receive coil to the X and 

20 Y phase detectors 64, 66. To control the X and Y phase detectors, this embodiment includes a comparator 68 and a 
phase shifter 70. The transmit drive 44 provides the drive signal 60 to the transmit coil and. to the comparator 68. The 
comparator 68 is used to generate a square wave, which is then used to drive the X phase detector. The output 72 of 
the comparator 68 is also applied to the phase shifter 70 and shifted 90*. This shifted signal 74 is then used to drive 
the Y phase detector 66. Since the phase shifter is set to 90**, the X and Y phase detectors are in quadrature. The X 

25 and Y phase detectors measure the received signal at two different phases. 

[0044] The outputs of the X and Y phase detectors 76, 78 are then supplied to con^espondlng sample and hold blocks 
80, 82. In this embodiment, each sample and hold block includes sample and hold circuitry for each of the four fre- 
quencies at which the transmit coil is driven. As shown in Fig. 2, the microprocessor and control logic 40 supplies four 
control signals 46 to both the X and Y sample and hold blocks. The control logte also provides control signals 84a, 84b 

30 to inhibit sampling during transitions from one frequency to the next. 

[0045] This embodiment includes a multiplexer 90, coupled to the sample and hold blocks, to select among the 
sampled signals 86, 88 at different frequencies. The output of the multiplexer is a selected output 92 of the X and Y 
sample and hold blocks. This output is applied to an analog to digital converter 94 to convert the analog signal sampled 
from the phase detectors to a digital signal 96. The digital signal is then applied to a digital signal processorf or additional 

35 processing. 

[0046] The digital signal processor 98 is responsible for both ground subtractton and target evaluation in this em- 
bodiment. Digital signals from the analog to digital converter are first conditioned (1 00) and then supplied to the ground 
subtraction subsystem 1 04. The processing involved in ground subtraction Is described in more detail below. In general, 
the ground subtraction subsystem subtracts two corresponding components of received signals measured at two dif- 

40 ferent frequencies to eliminate the portion of the received signal due to the ground response. More specifcally, the X 
phase detector 80 is designed to measure a component of a received signal that is substantially in phase with the 
response due to ground. By measuring the X component of a receive signal at two difterent frequencies and then 
subtracting the components, the response due to ground can be removed substantially, if not entirely. 
[0047] The target evaluation subsystem 1 08 represents the portion of the programmed signal processor responsible 

45 for target evaluation. In this embodiment, inputs to the target evaluation subsystem include ground excluded compo- 
nents from the ground subtraction portion of the processor as well as the Y component In the receh^e signal. In response 
to receiving these measured components of the receive signal, the target evaluation subsystem extracts additional 
data used to identify the material type of the target. Alternative methods and systems for target evaluation are described 
in more detail below. 

50 [0048] The output of the target evaluation portion of the processor is manipulated so that it can provide a meaningful 
visual or audio output to the user. In this embodiment, visual data is displayed to the user through a conventional 
display device such as a dot matrix Liquid Crystal Display. Audio data is also conveyed to the user via a conventional 
audio output device such as a speaker. A variety of alternative output devk^es can be used for the same purpose. 
[0049] Fig. 3A-D is a schematic diagram illustrating a specific embodiment of the metal detector of Fig. 2. Sections 

55 of the diagram are enclosed In dashed lines and labeled to illustrate how parts of the schematic diagram con^espond 
to the components of Fig. 2. The circuit components are also labeled to identify their part numbers and values where 
appropriate. 

[0050] The embodiment of Fig. 2 includes additional components used to process the output of the X and Y sample 
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and hold circuits. Any of a number of commercially available components can be used to implement the multiplexer 
90 and the A/D converter 94. The digital signal processor (DSP) also can be implemented using a variety of commer> 
cially available components. One suitable processor is the TMS320C203 from Texas Instruments, 
[0051] In this embodiment, the ground subtraction subsystem 104 refers to part of the metal detection system used 
s to remove components of the received signals caused by the background environment. This metal detector is designed 
to remove a component of the response signals due to the ground, e.g. mineralized soil. However, the methods of 
subtracting background components apply to other background environments as well. 

[0052] The ground subtraction subsystem can remove background components whether or not the background re- 
sponse changes with frequency. As described above, the phase detectors measure components of the received signals 

10 at two phases for each frequency. The ground subtraction system removes the background response from these com- 
ponents by subtracting selected signal components from each other. When the background response changes with 
frequency, the ground subtraction block adjusts the gain and/or phase of the detection axes to compensate for the 
change in the background component. In this specific embodiment, the ground subtraction subsystem performs these 
adjustments so that the ground component at one axis is zero or substantially zero and the ground component at the 

1^ other axis is the same, or substantially the same, at each frequency. It is also possible to adjust the phase at which 
each phase detector measures the response signal and adjust the gain applied to the measured components to achieve 
the same effect. 

[0053] In this embodiment, the phase detection axes can be adjusted to facilitate removal of the background re- 
sponse. One! phase axis is aligned to be in quadrature with the phase of the background response. The other phase 

20 axis is then set in phase with the background response. 

[0054] The process of setting the phase detection axes occurs as follows. First, the user holds the search loop away 
from the ground and prompts the detector to measure any phase detector offsets. The phase detector offsets are 
cancelled or recorded such that only the change due to objects in proximity of the search loop are measured. 
[0055] Next, the user places the search loop on the ground (away from targets) and prompts the detector again. The 

25 phase of each pair of axes is adjusted for zero on the Y axis (ground balanced). 

[0056] Since the axes are 90® apart, balancing the Y axis forces the X axis to be in phase with the ground. Overall 
gain (for both X' and Y') is then adjusted to match the X channel ground reading at each frequency (X* is held constant 
and X", X'",etc. are adjusted to match). 

[0057] The background response is removed by subtracting the components measured at the X axes for two signals 
30 at different frequencies. Since the Y component is in quadrature with the phase of the background response, it has 
essentially no ground component. The X component, on the other hand, is in phase with the ground response at each 
frequency. Therefore, it includes a component due to any target as well as the background component. When the 
background component does not change with frequency, the background component can be removed by subtracting 
the components measured in the X axes at different frequencies. When the background component does change with 
35 frequency, however, the X and Y detection axes are adjusted. In detemritning the corrected axes, the gain applied to 
both detection axes Is adjusted such that the background component is substantially equal at each frequency. The 
background component can then be removed by subtraction. 

[0058] The ground subtraction system can be implemented using strictly hardware or using a combination of hard- 
ware and a programmed microprocessor. In the illustrated embodiment, a programmed data processor perfomns ground 
40 subtraction processing. To describe this processing in more detail, 1 begin by explaining the parameters and data used 
in computing ground excluded components of the received signal. 

[0059] In the example to follow, the phase detection axes are adjusted to compensate for changes in the background 
response. The components measured in these background "adjusted" or "corrected" detection axes can then be proc- 
essed to remove the background response. 

45 [0060] The received signal can be expressed in terms of its X and Y components, which correspond to components 
of the received signal that project into the purely reactive (X) axis and the purely resistive (Y) axis. Assume (X^,Y.,) 
and (X2,Y2) are the components of the received signal due to the target at two discrete frequencies. Also assume that 
(Gxi ,Gyi ) and (Gx2'^y2) components of the received signal due to the background at the same two frequencies. 

With these assumptions, the components of the received signal due to both the background and the target can be 

so expressed by Equations 1 and 2 for the two different frequencies. 

RS,={X, + Gx^,Y, + Gy^) (1) 

55 

RS2 = (^2 + , Y2 + Gy ) (2) 
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(3) 



[0061 1 Equations 3 and 4 represent the components of the received signal due to the background only at the respec- 
tive frequencies. While this example refers to signals at two different frequencies, the same principles apply where 
additional signals at different frequencies are transmitted and received. 

r00621 The ground subtraction system processes the outputs of the X and Y phase detectors (the X and Y compo- 
nents) using parameters, or "constants" derived from the background responses measured at the different frequencies. 
These parameters are defined in equations 5-1 0 below. 



Gy 

K - ^ i7) 
(G G ,)^^ 

- ^ ^ (10) 
2 (G o+ G^) 

[0063] In this example, the scaling factor. K^i. is set to one. and the background components for signals at other 

frequencies are scaled relative to it. ^ . , * ji« • * 

[0064] Using the parameters described above, the background corrected components for signals at different fre- 
quencies can be computed according to the following equations: 

Adjusted axes for F^: 

X'=(Ke^)(K3)(X+(Ki)(V)) O"*) 
V = (Ke^)(ACa)(V-(K,)(X)) (12) 



Adjusted axes for Fg: 



X'=(KeK'Ci,)(X+(K2){V)) 



(13) 
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y^i^G^K^ny-iK^HX)) (14) 

[0065] X', Y', X", and Y" of equations 11-14 represent the components of the received signal measured at the adjusted 
phase detection axes. 

[0066] The backgrouhd components measured using these adjusted phase detection axes can then be expressed 
as set forth in equations 15 and 16. 

10 g\=(Gx^,Gy^) (15) 

^2 = (^X2. g;^) (16) 
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[0067] The projection of the ground response onto each adjusted Y phase detection axis is zero or about zero as 
shown in equation 1 7. 

g;^ = g;^ = 0 (17) 

[0068] The projection of the ground response onto each adjusted X axis is equal or about equal as shown in equation 
18. 

25 Gx,= G^ (18) 

[0069] The total received signal (ground plus target), as measured on the adjusted axes, is given by equations 19 
and 20. 
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RS,={X,^G,^,y\) (19) 

/?S2 = (X2 + G;^, Vg) (20) 

[0070] Since the projection of the ground response on the adjusted X axis for each frequency is equal, the remaining 
background can be removed by subtracting X data for any two frequencies. Subtracting these components produces 
a background excluded difference, which can then be used to characterize the target. 

[0071] Fig. 4 is a block diagram illustrating the ground subtraction subsystem in more detail. Fig. 4 illustrates ground 
subtraction processing for signals at three different frequencies: f 1 , f2, and f3. The results of measuring the components 
of fourth signal at frequency, f4, are used to compute a background excluded difference as well. Additional stages can 
be added for signals at different frequencies. 

[0072] In the illustrated embodiment, the detector transmits and receives signals at four different frequencies, but 
more stages can be added to extend the frequency range and improve the resolution of the resulting data. 
[0073] The blocks shown In Fig. 4 implement the processing reflected in equations 11-14 listed above. An example 
will illustrate the operation of the ground subtraction subsystem. The X and Y components (142, 144) of a signal at 
frequency f1 are multiplied by -K-, and (146, 148), respectively. The result from the first block (146) Is then added 
to the Y component (144). Similarly, the result from the second block (1 48) is then added to the X component (142). 
The result of both of the add steps (150, 152) is then multiplied by another constant, K^^*K^, as shown (154, 156). 
The result of multiplying the output of the add operation (150) by KQi*Ka is the adjusted X component, X'(f1) (158). To 
compute the background excluded difference, the adjusted X component, X'(f1 ), is subtracted from a second adjusted 
X component, X"(f2) (160). The remaining blocks perfonm this computation in a similar fashion. The parameter, Kc, is 
computed using a similar approach as with Ka and Kb described above in equations 7 and 8. 

[0074] While we have illustrated an implementation using a programmed data processor, the process of removing 
background responses can be implemented in a number of alternative ways. For example, the background subtraction 
system can be implemented using hardware components to adjust the phase axes and the gain applied to the output 
of the phase detectors. In this alternative Implementation, the user manually adjusts the axes of the phase detectors 
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at each frequency to set-up the detector for a particular type of background. In addition to adjusting the phase axes, 
the user also adjusts the gain such that the ground response is substantially equal at different frequencies. This im- 
plementation provides an output signal, either audible or visual, enabling the user to match the ground response at 
each frequency. The X components, adjusted appropriately by the gain set by the user, can then be subtracted to 
compute a background excluded difference. . j . • 

[00751 Other variations to the implementation are also possible. The phase detectors are set to be in quadrature in 
the illustrated embodiment vi/ith one phase 90° out of phase with the ground response. However, the X and Y phase 
detectors can be adjusted to a variety of different phases. The received signal can also be measured in polar form 
using a phase meter to measure phase shift and a synchronous rectifier to measure magnitude. The processing of the 
ground subtraction subsystem can be perfomned in polar fonm. or polar to rectangular conversion can be peif omied 
to compute the background excluded components as described above. 
r00761 The components measured in the phase detectors can be processed using analog hardware elements, dis- 
crete logic elements or a programmed data processor to compute background excluded components by subtraction. 
As such, I do not intend to limit the scope of my invention to specific implementation of the phase detectors or the 
15 processing of phase detector outputs. . ... m^^^u.,*^ 

rOOTTl After processing the X and Y components, the ground subtraction subsystem transfers background excluded 
components to the target evaluation subsystem. There are a number of different target evaluation techniques that can 
be applied to the background excluded components to discriminate among different types of targets. 
rO0781 In one approach, the background excluded components at the different frequencies can be compared with 
background excluded components of known targets. I refer to this approach as mapping because background excluded 
data for stored targets is mapped into memory according to current ground conditions and compared with unknown 
targets. This approach can be used in environments where the background response does or does not change with 
changing frequency, subject to the issues described below. ^ ^ ^ ^ , 

r00791 As conceptual background forthis approach, considerthe following example. Assume each X phase detection 
axis is purely reactive and that each Y axis is purely resistive. Also assume that the x axis outputs are subtracted to 
produce the background excluded difference. In this case, a non-ferrous target at a fixed distance will yield the same 
outputs, whether located in the ground or not. Further, different targets will produce different outputs as long their 
respective resistive to reactive ratios are different. ~ 
r0080] In cases where the phase detection axes are adjusted for a changes in the background response over fre- 
quency a non-ferrous target at a fixed distance will still yield the same background excluded data whether the target 
is locat^ in the ground or not. Again, different targets will yield different background excluded data as long as their 
resistive to reactive ratios are different. However, the answer for the same target Is different at each different ground 
setting. Although background excluded data remains proportional, it changes with target distance and must be nor- 
malized to one amplitude. . ^ ^ ^ . • * ^ >... 
35 r0081] For both changing and unchanging background, the normalized background excluded data is unaffected by 
motion of the search loop relative to ground because the background response is removed by subtraction. In one 
embodiment, the target evaluation subsystem perfomns target discrimination using a mapping approach as set forth 
below 

r00821 As noted above, the normalized background ekcluded data is unique for different targets to the extent that 
the resistive to reactive ratio is unique forthose targets. The background excluded components, therefore. can be used 
to characterize the target type. The normalized background excluded components are the same for a given ta^et 
whether the target is buried in the ground or not. Although the search loop may of course be moved as the usersearches 
tor metal targets in the ground, the background excluded data can be generated without requiring motion of the search 
loop relative to the background in whfch targets are located. ..... »u 

r0083] After computing the normalized background excluded components, the target evaluation subsystem can then 
compare the nomialized background excluded components tor known and unknown targets and Wentify a target type 
based on the proximity of this data to data characterizing recorded targets. ^ ^ u ^ 

[00841 If the background response changes as a function of frequency, the approach descnbed above should be 
modified because a single target will produce different background excluded response data for different ground settings^ 
This problem arises because different phase and gain settings are used to compensate for changes in the background 

[0085i*%ie example used above will Illustrate the problem for detectors that adjust the phase detection axes to 
account for changes in the background response. Background excluded data tor two frequencies is (X2"-Xi'). Ya". and 
YV For additional frequencies, the background excluded data includes: (X3--X2"). Yg"'. and Yg'. The normalized back- 
qround excluded data is usually unique for different targets, which makes it beneftoial in target evaluation. However. 
Lanbe different for the same target in different background environments, which makes target evaluaton more difficult. 
[00861 To address this issue, the stored target data can be mapped to a desired pair of axes based on the relationship 
between X" and Y" X' and Y'. and the X and Y axes. This enables the detector to cateulate a new set of targets based 
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on stored readings each time the user balances to a new ground condition. 

[0087] Fig. 5 is a block diagram illustrating one implementation of the target evaluation subsystem. In this approach, 
the subsystem 108a compares data extracted for unknown targets with data mapped from a number of known targets! 
To identify the unknown target, the subsystem detemilnes whether the incoming data matches or comes within a 
predefined tolerance of mapped target data. The stored target data used for mapping can include standard target data 
preset in memory as well as data added by the user 

[0088] This implementation includes three primary data paths. A first data path is used to store component data 
readings for known targets. To store this form of target data, the user selects an option on the input device of the 
detector to place It in the proper mode, and then passes the "known" target in front of the search loop. The measured 
response signals (180), including a response due to the ground when ground is present, are transferred from the input 
signal conditioning block through the normalizing block. The nomiaNzed data is then transferred to target data storage 
(186). Since nonnalized phase detector data is being stored (no ground rejection), component data should be saved 
in the absence of ground. Both user saved and standard targets remain here until ground settings are updated. 
[0089] The second data path is used to adjust the stored target data for the background environment to be searched. 
After the detector is ground balanced as explained above, stored target data is adjusted according to the background 
environment. The target evaluation subsystem perfonns this adjustment because the same target can yield different 
background excluded components in different background environments. 

[0090] Referring to Fig. 5, the stored target data (1 88) is routed through the input signal conditioner 1 00 and ground 
subtraction subsystem 1 04 and nonnalized again (1 82). The reprocessed target data (1 90) is then saved as "cun-ently 
mapped" (192). Since the "currently mapped" target data is modified by ground subtraction, it can be compared with 
background excluded components for unknown taipets In the background environment cun-ently being searched. In 
this embodiment, the process of adjusting the stored target data Is performed each time the ground settings for the 
detector are updated for the background environment. For each update of the ground settings, a new target map is 
generated and saved. 

[0091] The third data path is used to identify unknown targets while searching in a background environment. As the 
user hunts, digital data from the A/D converter passes through the Input signal conditioner 100, and the ground sub- 
traction subsystem 104 computes background excluded components. The background excluded data Is then nonnal- 
ized (194) and compared with mapped targets (196) In the target compare block (198). When a match occurs, the 
Identity of the target is then output via an output device. If no match occurs, a "rejection" or "unknown" indteatlon is 
output via the output device. Any target not in the map. whether good or bad, falls into this "unknown" category. 
[0092] As an alternative to mapping, a plot of the background excluded components can be displayed to the user. 
Based on the shape of this plot, the user can discriminate among different types of targets. 

[0093] Fig. 6 is a plot of background excluded differences (X^-X^) and Y components (Y„) at four different frequencies 
for two different targets. More precisely, Fig. 6 Illustrates a plot of (Oy^), (Xg-X^.Yg), (Xa-Xi.Ya). and (X^-X^y^), for a 
quarter (204) and a nail on end (206), measured at 4 different frequencies. Valuable targets can be discriminated from 
other materials based on this type of plot. Note that the plots span the same quadrants and even overlap. Since the 
plots for different targets are not easily separated In some cases, this approach Is not a prefen-ed approach. 
[0094] An alternative embodiment, the detector can plot the background excluded components measured in an en- 
vironment where the phase detection axes are adjusted to compensate for changes in the background response. 
However the same target plotted for different ground settings usually results in different plots. If this data Is plotted 
and displayed for the user, the user should know how the shape of a plot for desired targete changes for different 
background environments. 

[0095] In another alternative embodiment, the target evaluation subsystem uses a target model to evaluate the ma- 
terial type of a target. The target model enables the target evaluation subsystem to provide a continuous range of 
output values for unknown targets. This is different from target mapping, where the target evaluation subsystem only 
identifies whether data for an unknown target Is within predefined tolerances of known target data. An example will 
help illustrate this distinction. 

[0096] One example of a continuous range of output values is the resistive to reactive ratio. I refer to this range of 
values as the resistive to reactive continuum. The resistive to reactive ratio for any target falls at a point along this 
continuum. In contrast to the mapping approach, a value representing this ratio can be computed and presented to 
the user for any unknown target. The user can assess the material type of a target based on the computed ratio. 
[0097] When the background response is removed using subtraction as set forth above, the resistive to reactive ratio 
of a target cannot be computed simply by dividing the background excluded components because the output of the 
ground subtraction block comprises a background excluded difference or differences, e.g. Xg-X^, and one or more Y 
components. Further processing is required to compute a resistive reactive ratio. In addition, a target model can be 
devised to process the background excluded components and produce an output value along a continuous range of 
values. The user or the detector can use this output value to identify an unknown target. 

[0098] A model of a non-ferrous target behavior can provide a continuum along which unknown targets can be meas- 
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ured relative to known targets. One exannple of a target model is to approximate a non-ferrous target as a resistor and 
inductor coupled in parallel (a resistor loaded coll). As shown below, the X and Y components of a response signal 
can be expressed in temns of a resistance R. and Inductance L. using this model. 

X= (21) 



25 



10 . ^ 

Y (22) 

[0099] If L and R are assumed to be constant over frequency, a resistive to Inductive ratio can be computed using 
equation 23. This is done by making equation 23 specific to each frequency, then subtracting resulting equations and 
20 factoring out UH. The result is shown in equations 24 and 25 below: 

L = ^g'^^ (24) 

L = ^3 -^2 (25) 

« V3(a>3) - ^2(0)2) 

30 [0100] This method provides a resistive to inductive ratio. The resistive to inductive ratio can easily be converted to 
a resistive to reactive ratio by multiplying it by frequency (i.e. co * UR). Because this method is based on the assumption 
that L-ZR does not change, It suffers from limitations. However, the information that Is provided does not require the 
user to move the search head relative to the ground as in the case of conventional single frequency metal detectors. 
Also, because no filtering is required, more usable data Is available under certain operating conditions. 

35 [0101] The limitation of the model above is that UR changes with frequency. Since this does not agree with the 
original assumption, the L/R value from the above equations can be inconrect. For targets that change very little at the 
frequencies being used, the en-or Is negligible. But for targets that change significantly with frequency, the error Is 
substantial. 

[0102] A model that more accurately represents the behavior of the target can provide more infomnatlon about the 
40 target type. A model that includes skin effect has proved more accurate and provides more information about the target, 
[0103] Because of a phenomena known as the skin effect, the resistance, R, varies with frequency. The skin effect 
refers to the behavior of a conductor in which current density in the conductor decreases toward its center with increas- 
ing frequency. This effect causes the resistance Rac to rise with increasing frequency. The ratio of the DC Resistance 
to the AC Resistance is set forth below: 



45 



50 [0104] Where: 

r = Radius of the conductor in Inches. 

F = Frequency. 
Rac = Resistance at frequency "P. 
55 R^ = Direct current resistance 

^r = Relative permeability of conductor material 

(^r = 1 for copper and other nonmagnetic materials). 
P = Resistivity of conductor material. 



^ = r„r= t 8<"^)t10-^)(F)(ttf)(0 ]i/2 <26) 
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[0105] This expression assumes an isolated straight solid conductor of circular cross section, constant penneabllity 
and resistivity, and is accurate when Rac/Hdc '^''O® compared to 8^}^ While this expression Is not directly applicable 
to metal objects of varying shapes, the expression for the ratio of to R^c can be used to derive a skin constant K. 
As a first approximation of K, the square root of the frequency can be factored from the numerator of equation 26, 

5 leaving several parameters. 

[0106] While the specific parameters forming a part of K cannot be computed individually without knowing more 
about the target, K is still generally descriptive of the size and shape of the target. Because pemieability varies tittle 
for non-fen-ous targets and K is a function of diameter/resistivity, bigger thicker targets will tend to have a higher K than 
smallerthlnnertargets. As such, the skin constant provides a means of size and shape discrimination. The skin constant 

10 can also allow discrimination between targets with similar peak frequencies, even if their relative depth in the ground 
masks the size difference. 

[0107] Unfortunately, equation 26 Is only accurate when the ratio of AC to DC resistance is large. The actual expres- 
sion for this ratio must approach unity as the frequency approaches zero. Based on this observation and observations 
of plots of the skin effect near unity, I arrived at equation 27 as a substitute for equation 26. Equation 27 approaches 
15 unity as the frequency approaches zero, and it closely approximates equation 26 at higher frequencies. Plots of this 
function are very similar to plots representing actual skin effect. 



^=mr^^ + K{F^^) (27) 

[0108] The relationship of equation 27 can be used to extract the ratio of DC resistance to inductance as well as a 
skin constant, K. Because K relates to the size and shape of the target, a target model incorporating skin effect can 
be used to provide additional data about the size and shape of an unknown target. 
25 [01 09] Skin effect can be Incorporated into a target model by making equation 23 specific to each frequency. Equation 
27 can then be used to relate the resistance at each frequency as shown below. and R2 represent R^g at frequencies 
F1 and F2 respectively. 
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(28) 

yF = -o^ (29) 
35 "2 

''l = ^dc(^ + K{f=T)) (30) 

«2 = «db(1 + '^('^r)) (31) 

[0110] Since equations 28 and 29 are expressed in tenns of radian frequency, assume that K in equations 30 and 
31 is adjusted such that: 

^A = Fidc(^^^(iA^)) (32) 



'^2 = «db(1 + ^^(©2 )) (33) 
[0111] Once the AC resistances are defined In temris of F\,p, Rdg/L can be factored out as follows: 



X.(1 + 



(V^i)(a>2) 



(34) 
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Xgd + /C((of )) ^^^^ 



[0112] If X and Y data are available independently at both frequencies, as before ground is subtracted, then Rd</L 
and K can be solved for directly. The result is given below: 



[ 

( 



K = — ^ 



r^- JL] 

f5 ^ 1/2 1/2^ 

L CO., CO2 



dc 



,1^1 1/2 '^2 1/2, 



(37) 



20 [0113] Since filters are used to remove the ground in a motion discriminating metal detector, X and Y are available 
independently. In such a system, the target model provides the additional size and shape infonnation described above 
using only two frequencies. VJ^^ ^ 3*®^ successively approximated by inserting values for K in equations 
34 and 35 until UR^ for each equation converge. 

[01 14] In one embodiment, a motion discriminating metal detector that incorporates the target model can be imple- 
25 mented as shown in figure 7. The signal processor 208 provides signals to operate the signal driver 210. The signal 
driver drives the transmit coll 212 with sinusoidal drive signals of different frequencies. These frequencies can be 
provided either simultaneously or in sequence. 

[01 1 5] Signals Induced in the receive coil 214 are applied to the phase detectors 21 6. The phase detectors measure 
the received signals at two different phases for each frequency. Again, this can be done simultaneously, or in sequence. 

30 [0116] Signals measured by the phase detectors 216 are provided to the filters 218, which are optimized for the 
removal of background components from target data as coils 212 and 214 are swept. Examples of filter types can 
include, but are not limited to, high-pass or band-pass filters or combinations of each on each phase detector. Digital 
filters of these types can alternately be implemented within the signal processor 208 using finite impulse response 
(FIR), infinite impulse response (MR), or other digital signal processing methods. 

35 [0117] Background filtered data, at two phases for each frequency, is provided to the signal processor 208. The 
signal processor computes UR^ and K either directly using equations 36 and 37, or by successive approximation 
using equations 32 and 33. This data is then provided to the user via the output devkie 220. In the case of a digital 
filter implementation, data from the phase detectors 216, at two phases for each frequency, is provided to the signal 
processor 208. This data is then filtered and LVRdc ancJ K are computed, within the signal processor, as described 

40 above. And again, the resulting data is provided to the user via the output device 220. 

[01 18] The input device 222 allows the user to select between various operating modes. For example, the user can 
select between a discriminating mode as described above and a pinpointing mode where only target intensity is provided 
to the output device. 

[0119] X and Y data in the target model equations are indicative of purely reactive and resistive measurements 
45 respectively. One method to achieve this is to set the two different phases measured at each frequency by the phase 
detectors 216 to be reactive and resistive. Another method is to mathematically manipulate the data at two phases, 
whether filtered or unflltered, to produce the desired X and Y components before computing UB^ and K. 
[0120] In another embodiment, a motion discriminating metal detector using the target model can be Implemented 
as detailed in figure 2. In this case, the DSP 98 can be programmed to implement the digital filters and processing to 
50 compute L/R^c and K as described above. This would replace the ground subtraction and target evaluation shown in 
block 98 of figure 2. 

[01 21 ] It may be desirable to update the output for \J¥\^ and K only when a target Is present. This is commonly done 
In motion discriminators to reduce spurious outputs. One example would be to provide an additional ground balanced 
phase detector, filter its output, and update L/R^c and K only when the filtered output indicates a target. Such a system 
55 for presenting conventional discrimination data is given in U.S. Patent Nos. 4,128,803 and 4,783,630. 

[0122] Another example would be to gate together filtered outputs of different phases to trigger the computation of 
URdc and the skin constant K when a target is within a desired range. A method for gating together filtered outputs of 
different phases is detailed In U.S. Patent No. 4,514,692. 
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[0123] In another embodiment, a metal detector that uses a differential loop and discriminates using L/R^c and K 
can be implemented as in figure 7. Fig. 8 is a diagram of one example of a differential search loop. The search loop 
includes a transmit coll 230 and a receive coil 232 comprised of a first coil 234 wound in one direction, and a second 
coil wound in the opposite direction. The first and second coils in the receive coil are configured such that if the same 
response signal is received in both coils, the net result is zero. This differential configuration can be used to remove 
the background response to the extent that it Is the same in both the first and second coils 234, 236. The filters 218, 
shown in Fig. 7) will further improve rejection of the bacl<ground response when operated as a motion discriminator. 
[0124] Hence, ground is rejected because the same ground is In front of each differential coil. Targets are detected 
by imbalancing either of the differential coils, producing independent X and Y data. Although figure 8 is one example 
of a differential loop, many configurations, with either differential transmit or receive coils, are possible. Under ideal 
conditions, the filters 218 can be omitted. This allows UR^^ and K to be computed, without motion, using only 2 fre- 
quencies. In real conditions however, the coil system is orientation sensitive as well as being sensitive to changes In 
the contour and strength of the ground. As such, this is not a preferred embodiment for a non-motion discriminator. 
[01 25] Although only 2 frequencies are necessary to compute L/R^c and K as described in the above embodiments, 
additional frequencies can be added to improve accuracy on a wider range of target types. 

[0126] A target model based on skin effect can be used in environments where the background changes or does not 
change with frequency. In either case, the background excluded components can be processed to compute R^jc/L and 
K. The expressions for a target model that includes skin effect are provided below. R, and R2 represent R/^ at fre- 
quencies F^ and F2, respectively. 

^^-^-^'^^—R^ R^^ <38) 

[0127] By substituting equations 32 and 33 into equation 38 and then factoring R^^. tiie expression for UR^ in an 
unchanging ground becomes: 
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y2(©2) 








1 + K(<Oy)^l^ 
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V3(«)3) 


V2(a>2) 



(39) 



(40) 



1 + AC(C03)"^ 1 + K((02) 



[0128] Equations 39 and 40 can be solved by using data extracted from signals at three different frequencies. With 
this data, the parameters Rd</L and K can be computed directly, or by successive approximation. Because of the 
complexity of the expression used to solve for the parameters directly, it may be preferable to use successive approx- 
imation. 

[0129] A similar method can be used to compute H^JL and K in background environments which change with fre- 
quency. Equations 11-14 can be used to relate the background excluded components measured in a changing ground 
to the X and Y components in the target model. Once this is done, an expression for Rde/L can then be derived as 
shown below. 

[0130] Equations 41 and 42 express background excluded components in terms of the components measured with 
the X and Y phase detectors. 

[0131] Since the data from the modified X axes is equal (equation 18), it must be subtracted to remove the back- 
ground. Subtracting each side of equation 11 from equation 13 relates this modified X axis difference to the reactive 
and resistive axes (X and Y respectively). If equations 12 and 14 are then used to eliminate the Y axis terms, the result 
is as follows in equation 41 . 




In a similar manner, the X axis terms can be eliminated as shown in equation 42. 
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x;-x;.(^)-(^)=<^)/.-(jg^)v, (42) 

5 [0132] These equations relate X or Y data between frequencies using the background excluded components and 
known constants. It is also possible to relate between X and Y data in a similar manner. Since these equations relate 
two data points, at least one data point for the target on the resistive or reactive (X or Y) axis must be known to 
characterize the target. In addition, since the axes were modified to remove a background response that changes with 
frequency, the target cannot be characterized using the modified axis definitions alone. 

10 [0133] Since the target model defines L and R of a non-fen^ous target in tenns of its X and Y components, it can be 
used to eliminate the remaining variables and characterize the target. Using equation 23, the target model for two 
frequencies can be expressed as follows: 
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X^ = Y^ * L(Di/R^ and Xg = Yg * Lwg/Ra 
Where and R2 are defined as in equations 32 and 33 to include skin effect. 

[01 34] If the above equations are inserted for X^ and X2 in equations 1 2 and 1 4 and Y^ and Yg are factored out, the 
result is as follows: 

^1 = "^TT 



/Ce,{/C.)(1-Ki(-^)) 



[01 35] These can then be inserted for Y, and Y2 in equation 42 as shown below: 



2i = — # — 

[0136] Where: 

[0137] For an additional frequency equation 45 can be written as: 



50 [0138] Where: 

Z3 = X3" - + K^(y'^) - (48) 

55 [0139] There is only one set of values for the resistive to reactive ratios (Rn/LWn) whteh cause both Equations 46 
and 47 to be true. If H^L and the skin constant K are used to generate these ratios, a singular solution can be found. 
[01 40] If Rdc/L is factored out of equations 45 and 47. two quadratic equations result. These quadrate equations are 
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shown as equations 49 and 63 below. Equations 50-52 define the parameters of the quadratic equation 49, and equa- 
tions 54-56 define the parameters o^the quadratic equation 53. 

5 /l^(_J)+S,(-^^)-fC, =0 (49) 

>», = (1.K(co,)-)(_^^^) (50) 

- -( r; 5-) - 

)(K,+ 
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1 + /C(<0i)"^ 

( Sr^^^'^a+Trk) (51) 



-^2(7^) + Bgi-^) + C2 = 0 <53) 



1/2 1 + /C((Oa)^'^ 

/»2 = (W (54) 



^ - ■( TlTl X'^a 



(«>3) 2 Z3(K^)' 



1 + K(«>2)^'* V3" 

< (^^ )(^3-— V) (55) 



Cis=A^(/^) + (-ii-|i)-(-ii-|^) (56) 
40 2'3(K^) ^(K^) 

[0141] One of the ways to solve the quadratic equations is to use the expression for R^j/L in equations 57 and 58 
beiow. The sitin constant K Is also unknown. To solve for Reh/L, values of K can be chosen until equations 57 and 58 
give the same result. When using this approach, one must consider that only one of the polarities for each equation 
45 can give the correct result. 



R^ ^B,±JeP,.4A ^ 
L ^ 2A^ ^ (57) 



50 



L ~^ J (58) 

55 [01 42] Another method for solving the quadratic equations is to solve each equation for both Rdj/L and (Rdc/L)^ and 
use the resulting equations for each frequency to eliminate one of the terms (R^tA- or (fWL)^)- The following expres- 
sions for f^^fJL can be derived from equations 49 and 53. 
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RdC ,^e^-C^% RgcZ ^2^1 - ^1^2 (60) 

[0143] Using equations 59 and 60. and the skin constant K can be computed through a ^i^f '7/PP;°'^; 
mation. Equa 'ons 59 and 60 converge when the correct value for K is selected. When the va u^ of either (^^^ ^r 
are negative, it is clear that an Incorrect K value has been selected. As such, a K should be chosen so that the 
nolaritv of these computed values is positive, 

r0144l Fig 9 is a flow diagram illustrating a method for computing and a skin constant K using successive 
LpproximatL. The process of successive approximation begins by inrtializing the value of the skin <^°"J«"t K Jn this 
method, the skin constant K Is initialized to zero. By initializing K to zero, the polarity of (FWL)^ "-«^^' ^"J/^'l®^ 
ratio be^een the results of equations 59 and 60 can be used to detemnine the relationship between and K <either 
Siportlonal or inversely proportional). After determining the relationship between R, ^ and K. the polanty errors can 
be avoided, and the value of K can be successively approximated until the results of equations 59 and 60 converge 

20 lo" yrifler "tia'lization. (R.^)^ is computed according to equation 60. Before a 'fl'^^^^^^^^^S'tr^ 

results of equations 59 and 60. {R^L)^ and R^^L must both be greater than zero. Note that either (R^L)Z or fi^L 
may be us«l to compute a ratio between equations 59 and 60. In the first case, the result of equation 59 ,s squared 
Tnd divided by the result of equation 60 «R^)2). In the second case, the result of equation 59 is divided the^"^e 
root of the result of equation 60 (H^L). If the results of equations 59 and 60 are both positive, the ratio between 

25 eauatlons 59 and 60 is computed as shown in step 250. j . 

r0146l The process of a successive approximation proceeds until the ratio of the results of equations 59 and 60 is 
within a predefined tolerance to one (i.e. the results of the equations converge). If the ratio is within this tolerance of 
one a value for R*/L and the skin constant K has been found. 

r0147l A polarityflag. P. indicates whether RjA- ^ either directly or Inversely proportional to the skin constant 
Extensive testing has shown that the polarity of B^L and {R^Lf is indicative of this relationship On^ the nature of 
thfe ^rttonship has been detemnlned. the P flag is used to indicate whether the K is set to the last h«h or las low 
gueJT. On^ a guess for K has been made on either side of the correct answer for K. both flags A and B are set and 
the Dolarity flag P is not altered until the method converges to a solution. . ^ „ 

RefeLg to the path starting at block 244. the first flag (A) is set when (R^)^ is negative. Next^ the flags 
A and B) are choked to determine which section of the process have been passed through. If both of the flags- are 
not set the skin constant K is set to a last low guess (LLG). In the first pass through the process. K is equal to zero, 
so it must be set to the first guess value (FG). In subsequent passes, the value of K is checked to detemiine whether 
ft has exceeded a predefined maximum guess value (MG). If it has exceeded this value, the target is evaluated to be 
ferrous (Iron content) and processing proceeds at block 258 as described above. . ^ ^. . 

40 [0149] However, if the skin constant K is still lower than the maximum predefined value <MG). then K is increased 
by a constant factor (1 0 in this case) and processing continues at block 242. , ^ „ ■ h^^^h if tho 

[0150] Referring back again to decision block 264, if flags A and B are set. then the polarrty flag is checked. If the 
polarti flag Is set. then the K is set to a last high guess (LHG) and processing continues with a return *<> block 242. 
[0151] If the polarity flag is not set. then K is set to the last low guess (LLG) and processing continues back at block 
45 242 

roi 521 Referring to decision block 248. if R^c/L is computed to be negative from equation 59. then processing con- 
tinuS at block 272. At this point, the flag B is set. In the next decision block 274. the flags A and B are evaluated to 
detem,ine whether a polarity reversal has occurred. If both flags A and B are not set then the P^^^'XT^^^Ita 
set to one. as shown in block 276. Processing then continues at block 278. where the skin constant K is assigned to 

^ To^S^ "Zai'irythis pass is the first pass through the successive approximation nnethod then the skin constant K is 
set to a predefined first guess value (FG). Othewtee. K is evaluated to detemiine whether it is under the nnaxHrnim 
predefined value as described above. During the first pass through the method, the K value is zero. As long as K is 
lower than the actual K value, it is increased by a constant factor. After the first guess has occurred, subsequent 

55 guesses are increased by this constant factor, assuming that the first guess is below the actual K ^alue^ Onc» he 
method has exceeded the actual K value, the path starting with block 278 Is no longer used. Instead he path sterting 
Sther with block 268 or 286 is used to guess between the saved K values on either side of the actual K value. At this 
point the polarity flag P is fixed at 1 and error detection (blocks 252 and 254) are used to detemiine if a guess is high 
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or low relative to the actual K value. 

[0154] If both the first and second flags are set, then processing continues at decision blocl< 284, where the polarity 
reversal flag (P) is evaluated. If the polarity reversal flag Is set. then K is assigned to the last low guess and processing 
continues back at block 242. Otherwise, K is set to the last high guess. Before processing continues back at block 242, 
a new value between LLG and LHG is selected (270). 

[0155] Equations 59 and 60 are evaluated and the value of the skin constant is adjusted until the ratio between the 
results of equations 59 and 60 are equal to one, within a predefined tolerance. When the ratio Is equal to one (within 
this tolerance), the successive approximation process has converged to a value for B^L within the predefined toler- 
ance. The skin constant is also known at that point. Both the ratio of H^JL and the skin constant can then be conveyed 
to the user or processed further to provide specific information regarding the type of target. 

[0156] Once R^jg/L and K are known, other Infomiation about the target can be derived. For instance, coL/R at a given 
frequency can be computed. As such, computing R^L and K is another way to compute a resistive to reactive ratio. 
The peak frequency for an unknown target can be computed. The peak frequency is the frequency at which R^c = <oL, 
and Is also the frequency at which the phase shift is at 45**. The peak frequency provides another piece of data to help 
identify the target type. 

[0157] In addition, the X-Y (or the reactive and resistive components) can be plotted over frequency. The plot can 
be displayed to the user as a means for identifying an unknown target. 

[01 58] After a solution for R^JL and K has been found, the control flags and K are set to zero. The target evaluation 
system then waits for new data as reflected by the loop shown in block 260 in Fig. 9, The process of successive 
approximation can then be repeated. 

[01 59] While I have explained one method for computing R^c/L and the skin constant K, there are a variety of other 
ways to compute these values. An alternative way Is to compute R^,,7L and K directly using the background excluded 
components. One equation for computing P^^JL is provided below. 



Z] ^ (61) 



[0160] Where: 



A = 



a>i(1 + /<'(co2)''^) 



/C2a>2(1 + K{<o^)^^^) ^^ ^^^^ 

1 0)3(1 + /C(C02)^^) 



• ^3 ^2 

^4 - ^3 ' ^2 + 7^ " (65) 

[0161] Equation 61 provides an expression for R^^L in terms of known data and the skin constant K. A direct, singular 
solution can be found for R^L by solving one of the previous R^JL equations for the skin constant K. If this is used 
to replace K in equation 61 . the result can be solved for Rj^/L. A direct, singular solution for K can be found in a similar 
manner. 

[01 62] Since equation 61 provides a solution for R^c/L for a given K. it can be used to successively approximate R^^ 
L and the skin constant K. For example, any of the equations for R^^^L listed above can be used by entering the same 
data and K until the values for RAIL match. A variety of other alternative methods are possible using the same general 
approach. 

[0163] While I have described various embodiments in detail, I do not intend to limit the scope of my invention to 
these embodiments. Above I noted that aspects of the invention enable targets to be detected and identified in a 
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background environment without requiring motion of the detector. However, aspects of my inventoon can be nnplement- 
SiSal delators that require motion to operate properly. For instance, a metal detectorcan be designed to generate 
focTeltetence to inductance ratio and a skin constant using the approaches described above and .t may aiso use 
mSfoMoSp distinguish a metal target from ground. A metal detector designed according to the '-'"^ 
5 a S or filters to help remove a ground response. Thus while it is possible to have a metal f'^*^^;^^^^^^ 

accordance with the invention without filters for removing ground, filters can also be used in comb.nat.on with the 

[oTeT'^Ha^nrdeirib^^^^^ illustrated the principles of my invention with reference to a preferred e';;b<Ddimen^^^^^ 
Lveral variations thereon, it should be apparent that the invention can be modified .n arrangement and detail without 
10 departing from its principles. 
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1 A method of identifying metal objects by generating target data, which method compnses the steps °«;^easunng 
background responses in response to electromagnetic signals transmitted at first and second frequencies to de- 
tem,ine a change in the background responses with a change in frequency; transmitting from a detector atleast 
t^Tsignals of different frequencies including a first signal at a first frequency and a second signal at a second 
frequency receiving responses to the first and second signals; measuring the response to the second signal at a 
first and second phase to detemiine first and second signal components of the response to ttie second signal; 
Drocessing the responses to the first and second signals to remove a background response, the process.ng step 
including adjusting the first or second signal components of the responses to the first or sacond signals to corii- 
oensate forthe change in the background response due to the change in the frequency of the transmrtted signals, 
and removing the background response from the responses to the first and second signals using subtractron. 

2 A method according to Claim 1 , wherein the first and second signal components are processed to find background 
exdudic^poneLoftheresponsestothefir^tandsecondsignals 

target type without motion of the detector by processing the background excluded components to produce data 
characterizing the target type. 

3 A method according to Claim 1 or2. whereinthefirstphasesatwhichtheresponsestothefirstandsecondsignate 
are measured are substantially the same, the second phases at which the first and second signals are measured 
are substantially the same, and the first and second phases are in quadrature. 

4 A method according to any preceding claim, wherein one of the first or second phases at which the responses to 
the first and second signals are measured is substantially in phase with the background response. 

5. A method according to any preceding claim, wherein the first and second signals are transmitted substantially 

simultaneously. 

6. A method according to any one of Claims 1 to 4. wherein the first signal Is transmitted and received, and then the 
second signal is transmitted and received. 

A method according to Claim 6. wherein the first and second signals are repetitively transmitted and received in 



7. 

45 series 



8. A method according to any preceding claim, wherein the first components of the responses to the f'"'^ sj«°"d 
signals include substantially reactive components, and the second components of the response to the first and 
second signals include substantially resistive components. 

9 A method according to any preceding claim, wherein the at least two signals include a third signal, the method 
^mprising the further steps of: receiving a response to the third signal; measuring the ^^^P^^^ »° 
at a first and second phase to determine first and second signal components of the response to the third signal 
processing the first and second signal components of the response to the third signal to ^^e ^ b^^^ro^^^^^^ 
response the processing step including removing the background response from the response to the third signal 
using subtraction to find background excluded components of the response to the third signal. 

10. A method according to Claim 9, comprising the further step of comparing the background excluded components 
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with stored component data for non-ferrous targets to discriminate between a non-fen^ous and a ferrous target. 

11 . A method according to Claim 9, including the steps of: processing the first and second signal components of the 
response to the third signal; storing component data for one or more targets; adjusting the component data for the 

5 one or more targets to account for the contribution to the component data from the background environment; and 

comparing the background excluded components to the adjusted component data for the one or more materials 
to evaluate target type. 

12. A method according to Claim 9, including the step of computing a target resistive to Inductive ratio from the back- 
10 ground excluded components. 

13. A method according to any preceding claim, wherein the step of removing the background response includes: 
subtracting the first component of the response to the first signal from the first component of the response to the 
second signal to find a first background excluded difference; wherein the background excluded components Include 
the first background excluded difference and the second components of the first and second signals. 

14. A method according to Claim 13, wherein the method further includes: storing target data representing responses 
of known targets in the absence of ground; mapping the target data to adjust for a cun-ent background condition; 
comparing background excluded components of a target with one or more of the mapped target data; and approx- 

^0 imating target type based on the comparing step. 

15. A method according to Claim 13. further Including: transmitting a third signal at a third frequency; receiving a 
response to the third signal; measuring the response to the third signal at a first and second phase to determine 
a first and second signal component of the response to the third signal; subtracting the first component of the* 

25 response to the second signal from the first component of the response to the third signal to find a second back- 

ground excluded difference, wherein the background excluded components include the first and second back- 
ground excluded differences and the second components of the first, second, and third signals; and computing a 
ratio of DC resistance to Inductance of the target from the background excluded components to identify target type. 

30 16. A method according to Claim 15, further including the step of computing a skin constant from the background 
excluded components. 

17. A method according to any preceding claim, including the further step of adjusting the phase and/or gain at which 
the response to the first or second signal is measured to adjust for changes in background response due to changes 

35 in frequency between the first and second frequency. 

18. A method according to Claim 17, including the steps of: storing component data for one or more target types; 
adjusting the component data for the one or more target types to account for the contribution to the component 
data from the background environment; and comparing the background excluded components to the adjusted 
component data for the one or more materials to approximate target type of a target. 

19. A metal detector comprising: a coil assembly transmitting electromagnetic signals at first and second frequencies 
and for receiving at least a first and second response signal at first and second frequencies, respectively; at least 
first and second phase detectors coupled to the coll assembly for measuring first and second signal components 
at first and second phases, respectively, of the first and second response signals; and a signal processor coupled 
to the at least first and second phase detectors for receiving the first and second signal components of the first 
and second response signals, for deriving parameters from background responses from a background material at 
the first and second frequencies used to adjust the first and second signal components to compensate for a change 
in the background response with a change in transmitted frequency and for adjusting the first and second signal 
components of the first or second response signals using the parameters to compensate for the change in the 
background response with changes In frequency, and for processing the adjusted first and second signal compo- 
nents of the first and second response signals to remove the background response by subtraction and to generate 
background excluded response data. 

20. The metal detector of Claim 1 9, wherein the signal processor is coupled to the phase detectors to compute a target 
resistance to inductance ratio characterizing target type of a target from the background excluded response data. 
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PatentansprQche 



10 



Verfahren zum Identifizieren von Metallobjekten mittels des Erzeugens von ZiekJaten, das Vetf ahren. die fotgenden 
Verfahrensschritle aufweisend: Messen von Hintergmndantworten ate Antwort auf elektromagnetische Signale. 
die mit einer ersten und einer zweiten Frequenz ubertragen werden. um eine Veranderung der Hintergmndant- 
worten bei einer Verandemng der Frequenz zu bestimmen; Ubertragen von wenigstens zwei Signalen unterschied- 
licher Frequenzen. einschlieBlich eines ersten Signals mit einer ersten Frequenz und eines zweiten Signals mit 
einer zweiten Frequenz. von einem Detektor; Empfangen von Antworten auf das erste und das zweite Signal; 
Messen der Antwort auf das zweite Signal bei einer ersten und einer zweiten Phase, um erste und zweite Signal- 
komponenten der Antwort auf das zweite Signal zu bestimmen; Verarbeiten der Antworten auf das erste und das 
zweite Signal um eine Hintergrundantwort zu entfernen, wobei der Verarbeltungsschritt das Einstellen der ersten 
und der zweiten Signalkomponente der Antworten auf das erste und das zweite Signal zum Ausgleichen der Ver- 
anderung der Hintergrundantwort infolge der Veranderung der Frequenz der Qbertragenen Signale sowie das Ent- 
fernen der Hintergrundantwort von den Antworten auf das erste und das zweite Signal mittels einer Subtraktion 
15 umfaDt. 

2 Verfahren nach Anspruch 1 , wobei die erste und die zweite Signalkomponente verarbeitet werden, um hintergrund- 
f reie Komponenten der Antworten auf das erste und das zweite Signal zu finden, und wobei der weitere Verfah- 
rensschritt zum Auswerten einer Zielart ohne Bewegung des Detektors mittels des Verarbeitens der hintergrund- 

20 freien Komponenten umfaBt ist. um Daten zu erzeugen. die den Zieltyp clianakterisieren. 

3 Verfahren nach Anspruch 1 Oder 2. wobei die ersten Phasen. bei denen die Antworten auf das erste und das zweite 
Siqnal qemessen werden. im wesentlichen gleteh sind. wobei die zweiten Phasen. bei denen das erste und das 
zvTeite Signal gemessen werden. im wesentlichen gleich sind. und wobei die ersten und die zweiten Phasen um 

25 90* phasenverschoben sind. 

4 verfahren nach einem der vorangehenden AnsprOche, wobei eine der ersten oder der zweiten Phasen, bei denen 
die Antworten auf das eiste und das zweite Signal gemessen werden. mit der Hintergrundantwort im wesentlichen 
in Phase ist. 

30 

5. Verfahren nach einem der vorangehenden Anspiiiche. wobei das erste und das zweite "Signal im wesentlfchen 
gleichzeitig Qbertragen werden. 

6. Verfahren nach einem der AnsprOche 1 bis 4. wobei das erste Signal ubertragen und empfangen wird und an- 
as schlieBend das zweite Signal ubertragen und empfangen wird. 

7. Verfahren nach Anspruch 6. wobei das erste und das zweite Signal wiedertiolt in fteihe ubertragen und empfangen 
werden. 

40 8 Verfahren nach einem der vorangehenden Anspruche, wobei die ersten Komponenten der Antworten auf das erste 
und das zweite Signal im wesentlichen Ruckwirkkomponenten umfassen. und wobei die zweiten Komponenten 
der Antwort auf das erste und das zweite Signal im wesentlichen Widerstandskomponenten unnf assen. 

9 Verfahren nach einem der vorangehenden Anspruche. wobei die wenigstens zwei Signale ein drittes Signal auf- 
45 ' weisen das Verfahren weiterhin die folgenden Verfahrensschritte umfassend: Empfangen einer Antwort auf das 

dritte Signal- IWIessen der Antwort auf das dritte Signal bei einer ersten und einer zweiten Phase, um erste und 
zweite Signalkomponenten der Antwort auf das dritte Signal zu bestimmen; Verarbeiten der ersten und der zweiten 
Signalkomponenten der Antwort auf das dritte Signal, um eine Hintergrundantwort zu entfenien. wobei der Verar- 
beitungsschritt das Entfernen der Hintergrundantwort von der Antwort auf das dritte Signal mittels derSubtraldicn 
50 umfaBt, um hintergrundfreie Komponenten der Antwort auf das dritte Signal zu finden. 

10 Verfahren nach Ansprtich 9. wobei die hintergrundfireien Komponenten mit gespeicherten Komponentendaten fur 
' Nicht-Eisenziele verglichen werden. um zwischen einem Ncht-Eisen- und einem Efeenziel zu unterscheiden. 

55 11 Verfahren nach Anspruch 9, das Verfahren die weiteren Schritte umfassend: Verarbeiten der ersten und derzweiten 
' Siqnalkomponenten der Antwort auf das dritte Signal; Spetchem von Komponentendaten fQr em oder mehrere 
Ziele- Einsteilen der Komponentendaten fur ein oder mehrere Ziele. um den Beitrag der Hintergrundumgebung zu 
den Komponentendaten zu berucksichtigen; und Vergletehen der hintergrundfreien Komponenten miteingestellten 
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Komponentendaten fur ein Oder mehrere Materlalien, um elnen Zieltyp auszuwerten. 

12. Verfahren nach Anspruch 9, wobei ein Ziel berechnet wird, welches hinsichtlich eines induktiven Verhaltnisses 
BUS den hintergrundfrelen Komponenten mit einem Widerstand behaftet ist. 

13. Verfahren nach einem der vorangehenden Anspriiche, wobei der Verfahrensschrittzum Entfernen der Hintergrun- 
dantwort den folgenden Schritt umfaBt: Subtrahieren der ersten Komponente der Antwort auf das erste Signal von 
der ersten Komponente der Antwort auf das zwelte Signal, um eine erste hlntergmndfreie Differenz zu bilden; 
wobei die hintergrundfrelen Komponenten die erste hintergrundfrele Differenz und die zweiten Komponenten des 
ersten und des zweiten Signals umfassen. 

14. Verfahren nach Anspruch 13, das Verfahren weiter die folgenden Schritte umfassend: 

Speichem von Zieldaten, die die Antworten bekannter Ziele in der Abwesenheit eines Grunds reprasentieren; 
Abbilden der Zieldaten, um eine Stromhintergrundbedingung einzustellen; Vergleichen der hintergmndfreien Kom- 
ponenten eines Ziels mit einem oder mehreren der abgebildeten Zieldaten; und Nahem des Zieltyps auf der Basis 
des Vergleichsschritts. 

15. Verfahren nach Anspruch 13, wobei das Verfahren weiterhin die folgenden Schritte umfaf3t: Obertragen eines 
dritten Signals bei einer dritten Frequenz; Empfangen einer Antwort auf das dritte Signal; Messen der Antwort auf 
das dritte Signal bei einer ersten und einer zweiten Phase, um eine erste und eine zwelte Signal komponente der 
Antwort auf das dritte Signal zu bestimmen; Subtrahieren der ersten Komponente der Antwort auf das zweite 
Signal von der ersten Komponente der Antwort auf das dritte Signal, um eine zweite hintergrundfrele Differenz zu 
bilden. wobei die hintergrundfrelen Komponenten die erste und die zweite, hintergrundfrele Differenz und die zwei- 
ten Komponenten des ersten. des zweiten und des dritten Signals umfassen; und Berechnen eines Vertialtnisses 
eines Gleichspannungswiderstands zu einer Induktivitat des Ziels aus den hintergrundfreien Komponenten, um 
elnen Zieltyp zu Identiflzleren. 

16. Verfahren nach Anspruch 1 5, wobei eine Skin-Konstante aus den hintergrundfrelen Komponenten berechnet wird. 

17. Verfahren nach einem der vorangehenden Anspruche, wobei die Phase und/oder eine Verstar1<ung eingestellt 
werden. bei der die Antwort auf das erste oder das zweite Signal gemessen wird, um Veranderungen der Hinter- 
grundantwort infolge von Veranderungen der Frequenz zwischen der ersten und der zweiten Frequenz einzustel- 
len. 

18. Verfahren nach Anspruch 17, das Verfahren die weiteren Schritte aufweisend: Speichem von Komponentendaten 
fur eine Oder mehrere Zieltypen; Einstellen der Komponentendaten fur das eine oder die mehreren Zieftypen, um 
den Beitrag der Hintergrundumgebung zu den Komponentendaten zu berucksichtigen; und Vergletehen der'hln- 
tergrundfreien Komponenten mit den eingestellten Komponentendaten fur ein oder mehrere Materialien, um elnen 
Zieltyp eines Ziels zu nahem. 

19. Melalldetektor mit: einer Antennenanordnungzum Obertragen elektromagnetischer SIgnale be! einer ersten und 
einer zweiten Frequenz und zum Empfangen wenigstens eines ersten und eines zweiten Antwortsignals bei der 
ersten bzw, der zweiten Frequenz; wenigstens einem ersten und einem zweiten Phasendetektor, die zum Messen 
der ersten und der zweiten Signalkomponente bei der ersten bzw. der zweiten Phase des ersten und des zweiten 
Antwortsignals an die Antennenanordnung gekoppelt sind; und einem an den wenigstens ersten und zweiten Pha- 
sendetektor gekoppelten Signalprozessor zum Empfangen der ersten und der zweiten Signalkomponente des 
ersten und des zweiten Antwortsignals, zum Ableiten von Parametem aus Hintergrundantworten eines Hinter- 
grundmaterials bei der ersten und der zweiten Frequenz, die genutzt werden, um die erste und die zweite Signal- 
komponente zum Ausgleichen einer Veranderung der HIntergrundantwort mit einer Veranderung der ubertragenen 
Frequenz einzustellen, zum Einstellen der ersten und der zweiten Signalkomponente des ersten und des zweiten 
Antwortsignals mittels der Parameter, um die Veranderung der HIntergrundantwort mit Veranderungen der Fre- 
quenz auszugleichen, und zum Verarbeiten der eingestellten. ersten und der eingestellten, zweiten Signalkompo- 
nente des ersten und des zweiten Antwortsignals, um die HIntergrundantwort mittels Subtraktlon zu entfernen und 
hintergrundfrele Antwortdaten zu erzeugen. 

20. Metalldetektor nach Anspruch 19, wobei der Signalprozessor an die Phasendetektoren gekoppelt Ist. um aus den 
hintergrundfrelen Antwortdaten ein Verhaltnis eines Zielwlderstands zu einer Induktivitat zu berechnen, das elnen 
Zieltyp eines Ziels charaktertslert. 
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Revendications 

I. Un precede ^Identification d'objets metalliques en generant des donnees de cible, lequel proc6d6 connprend des 
etapes de : mesurer des reponses de fond en reponse a des signaux electromagnetiques transmls a des premiere 

5 et deuxleme frequences pour determiner un changement dans les reponses de fond avec un changement en 

frequence ; transmettre depuis un detecteur au moins deux signaux de frequences differentes incluant un premier 
signal a une premiere frequence et un deuxieme signal a une deuxieme frequence ; recevoir des reponses aux 
premier et deuxiemes signaux ; mesurer fa reponse au deuxieme signal a des premiere et deuxieme phases pour 
determiner des premiere et deuxieme composantes en reponse au deuxieme signal ; traiter les reponses aux 

10 premier et deuxieme signaux pour supprimer une reponse de fond, I'etape de traitement incluant un reglage des 

composantes de premier ou deuxieme signal des reponses au premier ou deuxieme signal pour compenser le 
changement dans la reponse de fond du au changement en frequence des signaux transmls, et une suppression 
de la reponse de fond dans les reponses aux premier et deuxieme signaux par soustraction. 

15 2. Un procede conforme k la Revendicatlon 1 , dans lequel les composantes de premier et deuxieme signaux sont 
traitees pour trouver des composantes sans fond des reponses aux premier et deuxidme signaux etcomprenant 
I'etape supplementaire d'evaluer le type de cible sans deplacer le detecteur en traitant les composantes sans fond 
pour produire les donnees caracterisant le type de cible. 

20 3. Un precede conforme a la Revendication 1 ou 2, dans lequel les premieres phases auxquelles les reponses aux 
premier et deuxieme signaux sont mesurtes sont sensiblement les memes. les deuxiemes phases auxquelles les 
premier et deuxieme signaux sont mesur^es sont sensiblement les m§mes. et les premiere et deuxieme phases 
sont en quadrature. 

25 4. Un procdde conforme k I'une quelconque revendication pr^cedente, dans lequel Tune des premieres ou deuxiemes 
phases auxquelles les reponses aux premier et deuxieme signaux sont mesur^es est sensiblement en phase avec 
la reponse de fond. 

5. Un precede conforme k I'une quelconque revendication precedente, dans lequel les premier et deuxieme signaux 
30 sont transmis sensiblement slmultanenient. 

6. Un procede confonne a I'une quelconque des Revendications 1 £i 4, dans lequel le premier signal est transmis et 
re9u, et puis le deuxieme signal est transmis et regu. 

35 7. Un precede conforme a la Revendication 6, dans lequel les premier et deuxieme signaux sont repetitivement 
transmis et re9us en serie. 

8. Un procede confonne a I'une quelconque revendication precedente, dans lequel les premieres composantes des 
reponses aux premier et deuxieme signaux incluent sensiblement des composantes reactives, et les deuxiemes 

40 composantes des reponses aux premier et deuxieme signaux incluent des composantes sensiblement resistives. 

9. Un procede confonne k I'une quelconque revendication precedente, dans lequel les au moins deux signaux incluent 
un troisieme signal, le precede comprenant les etapes supplementaires de : recevoir une reponse au troisieme 
signal ; mesurer la reponse au troisieme signal k des premiere et deuxieme phases pour determiner des premiere 

45 et deuxieme composantes de signal de la reponse au troisieme signal ; traiter les premiere et deuxieme compo- 

santes de signal de la reponse au troisieme signal pour supprimer une reponse de fond, i'etape de traitement 
incluant une suppression de la reponse de fond dans la reponse au troisieme signal par soustraction pour trouver 
des composantes sans fond de la reponse au troisieme signal. 

50 10. Un procede conforme a la Revendication 9, comprenant retape supplementaire de coniparer les composantes 
sans fond avec des donnees de composante memorisees pour des cibles non ferreuses pour discriminer des 
cibles non ferreuses et ferreuses. 

II . Un precede confonne k la Revendication 9, incluant les etapes de : traiter les premiere et deuxieme composantes 
55 de signal de la reponse au troisieme signal ; memoriser des donnees de composante pour une ou plus de cibles ; 

regler les donnees de composante pour I'une ou plus des cibles afin de prendre en compte la contribution de 
I'envirennement de fend aux donnees de composante; et comparer les composantes sans fond aux donnees de 
composante regiees pour Tune ou plus de matieres k evaluer de type cible. 
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12. Un proc6d6 conforme a la Revendication 9, incluant I'dtape de calculer un rapport r^sistif ^ inductif de cible h partir 
des composantes sans fond. 

13. Un proced^ conforme a Tune quelconque revendication precedente, selon iequel I'etape de supprimer la r^ponse 
5 de fond inclut : soustraire ia premiere composante de la reponse au premier signal a la premiere composante de 

la reponse au deuxieme signal pourtrouver une premiere difference sans fond ; les composantes.sans fond incluant 
la premidre difference sans fond et les deuxiemes composantes des premier et deuxieme signaux. 

14. Un precede conforme a la Revendication 13, seton Iequel le precede inclut en outre : memoriser des donn^es de 
10 cible representant des reponses de cibles connues en ('absence de fond ; conditlonner les donnees de cible pour 

un reglage a une condition courante de fond ; comparer les composantes sans fond d'une cible avec une ou 
plusleurs des donnees de cible condltionnees ; et approximer le type de cible base sur retape de comparaison. 

15. Un precede conforme k la Revendication 13, incluant en outre : transmettre un trolsieme signal k une troisieme 
15 frequence ; recevoir une reponse au trolsieme signal ; mesurer la reponse au troisieme signal k des premiere et 

deuxieme phases pour determiner des premiere et deuxieme composantes de signal de la reponse au troisieme 
signal ; soustraire la premiere composante de la reponse au deuxieme signal a la premiere composante de la 
reponse au troisieme signal pourtrouver une deuxieme difference sans fond, les composantes sans fond incluant 
les premiere et deuxieme differences sans fond et les deuxiemes composantes des premier, deuxieme et troisieme 
20 signaux ; et calculer un rapport de resistance k inductance k courant continu de la cible k partir des composantes 

sans fond pour identifier ie type de cible. 

16. Un precede conforme a la Revendication 15, incluant en outre retape de calculer une constante de peau k partir 
des composantes sans fond. 

25 

17. Un precede conforme a I'une quelconque revendication precedente, incluant Tetape supplementaire de regler la 
phase et/ou le gain auxquels la reponse du premier ou deuxieme signal est mesuree pour regler des changements 
dans la reponse de fond dus a des changements en frequence entre les premiere et deuxieme frequences. 

30 18. Un procede conforme a la Revendication 17, incluant .les etapes de : memoriser des donnees de composante 
pour un ou plus de types de cible ; regler les donnees de composante pour I'un ou plus des types de cible de 
maniere k prendre en compte ia contribution de t'environnement de fond aux donnees de composante ; et comparer 
les composantes sans fond aux donnees regiees de composante pour la ou plus de matieres de maniere a ap- 
proximer le type de cible d'une cible. 

35 

19. Un detecteur de metal comprenant un ensemble de bobine transmettant des signaux electro mag net iques k des 
premiere et deuxieme frequences et recevant au moins des premier et deuxieme signaux de reponse a des pre- 
miere et deuxieme frequences, respectrvement ; au molns des premier et deuxieme detecteurs de phase couples 
k I'assemblage de bobine pour mesurer des premieres et deuxiemes composantes de signal k des premiere et 

40 deuxieme phases, respectivement, des premier et deuxieme signaux de reponse ; et un processeur de signal 

couple au moins aux premier et deuxieme detecteurs de phase pour recevoir les premieres et deuxiemes com- 
posantes de signal des premiers et deuxiemes signaux de reponse, pour etablir des parametres de reponses de 
fond a partir d'une matiere de fond aux premiere et deuxieme frequences utilisees pour regler les premieres et 
deuxiemes composantes de signal pour compenser un changement dans la reponse de fond avec un changement 

45 en frequence transmise, et pour regler les premiere et deuxieme composantes de signal des premier ou deuxieme 

signal de reponse utilisant les parametres pour compenser le changement dans la reponse de fond avec des 
changements en frequence, et pour traiter les premieres et deuxiemes composantes de signal des premier et 
deuxieme signaux de reponse afin de remplacer ia reponse de fond par soustraction et de generer des donnees 
de reponse de fond. 
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20. Le detecteur de metal de la Revendication 19, dans Iequel le processeur de signal est couple aux detecteurs de 
phase pour calculer un rapport de resistance a inductance de cible caractehsant un type de cible d'une cible k 
partir des donnees de reponse sans fond. 
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FIG. 7 
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